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Abstract
The structure of the collective low-energy Jpi = 0− (T=0 and T=1) modes is
studied for a doubly magic nucleus in a schematic analytic model of RPA. The
0− phonon states (T = 0, 1) lie at energies ET=0(0−) <∼ ω and ET=1(0−) > ω,
where ω is the oscillator frequency. The matrix elements of P-odd and P-
and T-odd weak one-body potentials connecting the ground state to these
0−-states, Wcoll, are enhanced by the factor ∼ 2( ωE )1/2A1/3 ∼ 10 as compared
to the single-particle value wsp what can result in values |Wcoll| ∼ 20− 30eV
if standard values of DDH parameters are used for wsp. Similar enhancement
arises in the P- and T-odd case.
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The purpose of this work is to study low-lying collective nuclear states with quantum
numbers Jpi = 0− and the matrix elements of parity nonconserving potentials connecting
these states to the ground state. The work is motivated not only by the interest in the
low-energy 0− modes, which already attracted attention earlier in relation to pion (pre-
)condensation, but also by the possibility of the collective enhancement of P- and P-,T-odd
matrix elements of the pseudoscalar “weak potentials” in nuclei. The importance of collective
0− states for these effects has been already revealed within doorway state approach to the
P-violation in compound nuclei [1], [2]. It was pointed out [1] that the 0− component of the
spin-dipole state is an important mediator of parity mixing between nuclear states. This
applies to both parity violating (P-odd) and time reversal conserving (T-even) as well as to
P-odd and time reversal violating (T-odd) interactions. The one-body potentials for these
two symmetry violating interactions can be approximately described by the operators (~σ~p)
for P-odd T-even and (~σ~r) for P-odd, T-odd. When acting on a nuclear state both operators
will excite the 0− mode. Since the weak interaction does not conserve isospin one considers
both isoscalar (T = 0) and (T = 1) J = 0− spin-dipole states.
In Refs. [4,5], renormalization of the weak P- and P-,T-odd potentials due to the residual
strong interaction were calculated and the positions of low energy 0− modes was discussed.
The properties of 0− (T = 1) states were studied earlier in an elaborated Hartree-Fock+RPA
approach in Ref. [3]. Spin-dipole modes were studied in [6], [8] within an approximate RPA
approach. An intersting analysis of related effects is presented in Ref. [9].
Here we show, using an approximate analytical RPA calculation, that a realistic residual
nucleon-nucleon interaction which has been widely used to describe various nuclear prop-
erties does indeed lead to formation of such collective 0− modes. We give approximate
quantitative predictions for their characteristics. We confine ourselve here to the case of
doubly magic nucleus. The density of states is relatively low. We neglect in our study the
coupling of the one-particle one-hole 0− states to all other configurations.
We write the nuclear Hamiltonian in the form
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H = H0 + V, (1)
where V is the residual strong interaction and H0 is the singe-particle shell-model Hamilto-
nian of nucleons with momenta ~pa and mass m moving in a spherically symmetric average
potential U(r) :
H0 =
∑
a
(
~p2a
2m
+ U(ra)
)
, U(r) = −|U0|+ mω
2~r2a
2
(2)
(we use the harmonic oscillator well of the depth |U0| and neglect for simplisity the shell
splitting).
We employ the Landau-Migdal parametrization [10] of the residual strong interaction
chosing V to be the sum of velocity independent V0 and velocity dependent V1 components,
V = V0 + V1. The velocity independent term in the residual interaction is given by
V0(1, 2) = Cδ(~r1 − ~r2)[f0 + f ′0~τ1~τ2 + g~σ1~σ2 + g′~τ1~τ2~σ1~σ2], (3)
where C = 300 MeV · fm3 is the universal Migdal constant. (We use the convention
τz(p) = −1, τz(n) = 1 [11]).
The spin- and momentum-dependent component of the interaction V1 will be used in two
forms: the first one can be written [12] in the form of a Landau-Migdal spin- and velocity
dependent interaction,
V1(1, 2) =
1
4
Cp−2F (g1 + g
′
1~τ1~τ2)(~σ1~σ2)[~p1~p2δ(~r1 − ~r2) + ~p1δ(~r1 − ~r2)~p2 +
~p2δ(~r1 − ~r2)~p1 + δ(~r1 − ~r2)~p1~p2], (4)
pF is the Fermi momentum. In Eqs.(3,4), the parameters f and g are the strength con-
stants of order of unity (their values will be given below). Generally speaking, they contain
r-dependence which is usually parametrized via the density dependence. However, this de-
pendence is considerable only for the constants f and f ′ which describe spin-independent
components of the interaction. In what follows, only spin-dependent components of the in-
teraction are essential, and the corresponding strengths gi, g
′
i are density independent. This
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phenomenological interaction can be viewed as a model of more realistic but also more com-
plicated forces. It is therefore convenient to use it first because of simplicity of calculations.
In fact, the results obtained for this interaction manifest the correct tendencies (see also [4]).
We also make calculations for the π- and ρ- meson exchange interaction in its explicit
form
Vpi+ρ =
f 2pi
m2pi
(~τ1~τ2)
[
(~∇ · ~σ1)(~∇ · ~σ2), e
−mpir
r
]
− f
2
ρ
m2ρ
(~τ1~τ2)
[
(~∇× ~σ1)(~∇× ~σ2), e
−mρr
r
]
(5)
using it instead of V1 in Eq.(4). Here, mpi (mρ) are the π-meson (ρ-meson) mass, fpi and fρ
are the coupling constants, and ~∇ is the derivative with respect to the nucleon separation ~r =
~r1 − ~r2; × denotes the external vector product. The standard “Lorentz-Lorentz” correction
(see, e.g., [13]) is assumed [4].
In the general case, the RPA equations can be written in the form of equations of motion
for the phonon creation operators Aˆ†
− EnAˆ†n = [Aˆ†n,HRPA] = [Aˆ†n, H0] + 〈[Aˆ†n, V ]〉, (6)
where the first equality comes from the commutator of the phonon creation operator Aˆ†n
with the RPA Hamiltonian HRPA ≡ const +∑nEnAˆ†nAˆn which is derived from the initial
Hamiltonian H0 + V when the RPA phonons are used. The expectation value in (6) is
evaluated using the uncorrelated ground state |0+〉. Within the RPA, the phonon operators
are
Aˆ†n =
∑
im
Xnmicˆ
†
mcˆi −
∑
im
Y nmicˆ
†
i cˆm (7)
where the cˆ†a and cˆb are the operators of the creation and annihilation of nucleons in the
single-particle states marked by a and b, respectively. The amplitudes X and Y are related
to the “forward” and “backward” going graphs, respectively. The index n marks the modes,
the total number of which N , coincides with the total number of the particle-hole pairs with
quantum numbers 0−.
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The 0− particle-hole states have energies 1ω, 3ω, ... . We are interested in low-energy
collective states which should be dominated by the 1ω transitions. The corresponding con-
stituents of the phonon modes can be conveniently parametrized by the elementary correlated
0− particle-hole operators Aˆ†0 and Aˆ0 defined below. We use the following representation for
the collective phonon creation and destruction operators Aˆ†coll and Aˆcoll
Aˆ†coll = x
∑
mi
(~σ~a†)micˆ†mcˆi − y
∑
mi
(~σ~a)imcˆ
†
i cˆm, (8)
and Aˆcoll given by the Hermitean conjugate of Aˆ
†
coll. Here, (O)ab means the matrix ele-
ments of a single-particle operator O between the nucleon states ψa and ψb. The sym-
bols ~a† and ~a denote the harmonic oscillator “raising” and “lowering” operators ~a† =
1√
2
[
(mω)1/2~r − i(mω)−1/2~p
]
, ~a = 1√
2
[
(mω)1/2~r + i(mω)−1/2~p
]
. It is seen that the role
of the operators
Aˆ†0 ≡
∑
mi
(~σ~a†)micˆ†mcˆi, Aˆ0 ≡
∑
mi
(~σ~a)im, cˆ
†
i cˆm, (9)
is to create and destroy the correlated particle-hole excitations with the total quantum
numbers Jpi = 0−. Indeed, the operator a† raises the oscillator principal quantum number
N by unity, while the role of the spin operator in the internal product is to rotate properly
the nucleon spins. The combined effect is to remove particles from the orbital with the
quantum numbers [N, l, j] and place them in the orbital [N + 1, l ± 1, j]. Thus, due to
this construction the operator Aˆ†0 can only create the particle-hole pairs of 0
− type (m and
i denote the states above and below the Fermi level, correspondingly). The effect of the
annihilation operator Aˆ0 is just the opposite to that of Aˆ
†
0.
The expressions for the phonon creation and destruction operators Aˆ† and Aˆ are an
ansatz for the more general expression of collective RPA phonon operators given in Eq.(7).
The form of the ansatz is based on the simple commutator properties for the operators (~σ~r)
and (~σ~p) [4]. with the interactions V0 and V1. (Note that if we substitute the interactions
V0 and V1 by factorized expressions V0 → const(~σ~r)ab(~σ~r)cd, and V0 → const(~σ~p)ab(~σ~p)cd,
the ansatz (8) will be an exact solution of the RPA equations (6)).
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The use of Eq.(8) allows us to get a closed system of RPA equations for the decoupled
collective phonon modes (T = 0, 1), and instead of system of a large number of coupled
equations (6) we obtain the simplified, approximate sytem of the equations for the amplitudes
x and y
−EcollAˆ†coll ≃ [Aˆ†coll, H0] + 〈[Aˆ†coll, V0 + V1]〉, −EspAˆ†sp ≃ [Aˆ†sp, H0] (10)
From the first one of Eqs.(10), the closed equations for the collective phonon amplitudes x
and y can be easily obtained using the following relations
〈[Aˆ†0, Vˆ0]〉 = −
ρ0
|U0|
ω
2
(Aˆ0 + Aˆ
†
0), 〈[Aˆ†0, Vˆ1]〉 = −2mρω(Aˆ†0 − Aˆ0). (11)
where Vˆ0 and Vˆ1 denote the interaction terms (~σ1~σ2)δ(~r1−~r2) and (~σ1~σ2){~p1, {~p2, δ(~r1−~r2)}}
respectively expressed in the second quantization form (the curly brackets denote an anti-
commutator). Hermitean conjugation gives the corresponding relations for the commutators
of Aˆ0 operators. In the first one of Eqs.(11) we assumed the proportionality of the nucleon
density ρ and the potential U : ρ ≈ − ρ0|U0|U , where ρ0 and U0 are the values of the density
and the potential in the center of the nucleus.
All the remaining phonon degrees of freedom, marked by the subscript ’sp’ in Eqs.(10),
are assumed here to be essentially noncollective. The contribution from the interaction
term in the second one of Eqs.(10) is dropped. The frequencies of those predominantly
single-particle modes are not shifted from the shell-model value ω.
For the case of two kinds of nucleons (p and n), the collective phonons operators are
sought in the form Aˆ†coll = xpAˆ
†
0(p)+xnAˆ
†
0(n)−ypAˆ0(p)−ynAˆ0(n) instead of (8). From (10),
we obtain the following system of equations for the amplitudes xp, xn, yp and yn
ET 0 −ω(1 + CρZ|U |Ag(+)) −ωCρN|U |Ag(−)
0 ET −ω CρZ|U |Ag(−) −ω(1 + CρN|U |Ag(+))
ω(1 + CρmZ
p2
F
A
g
(+)
1 ) ω
CρmN
p2
F
A
g
(−)
1 −ET 0
ωCρmZ
p2
F
A
g
(−)
1 ω
CρmN
p2
F
A
g
(+)
1 0 −ET


xp − yp
xn − yn
xp + yp
xn + yn

= 0, (12)
where g(±) = g ± g′ and g(±)1 = g1 ± g′1.
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It is convenient to analyze in detail the case of equal numbers of protons and neutrons
(N = Z). From the consistency condition for (12) we find the two eigenfrequencies of the
collective modes ET=0 and ET=1 to be
ET=0 = ω
[(
1 +
Cρm
p2F
g1
)(
1 +
Cρ
|U |g
)]1/2
, ET=1 = ω
[(
1 +
Cρm
p2F
g′1
)(
1 +
Cρ
|U |g
′
)]1/2
, (13)
The eigenvectors of the system (12) are easily found using Eq.(13), in a form of phonon
creation operators
Aˆ†T=0 =
1
2
[
ω
ET=0(1 +
Cρm
p2
F
g1)Ncoll
]1/2{[ET=0
ω
+ 1 +
Cρm
p2F
g1
]
(Aˆ†0(p) + Aˆ
†
0(n))
−
[
−ET=0
ω
+ 1 +
Cρm
p2F
g1
]
(Aˆ0(p) + Aˆ0(n))
}
,
Aˆ†T=1 = −
1
2
[
ω
ET=1(1 +
Cρm
p2
F
g′1)Ncoll
]1/2{[ET=1
ω
+ 1 +
Cρm
p2F
g′1
]
(Aˆ†0(p)− Aˆ†0(n))
+
[
−ET=1
ω
+ 1 +
Cρm
p2F
g′1
]
(Aˆ0(p)− Aˆ0(n))
}
, (14)
whereNcoll is the colective phonon normalization constant. The operators of the independent
RPA modes should obey the orthogonality and normalization conditions, thus
[Aˆ†T , Aˆ
†
T ′] = 0, 〈0+[AˆT , Aˆ†T ′]0+〉 = δT,T ′. (15)
where the expectation value is taken over the uncorrelated ground state. The first set of
Eqs.(15) (orthogonality) holds by construction, while the second one determines the nor-
malization. Substituting (14) into (15) gives us the normalization relation
〈0+|[AˆT , Aˆ†T ′]|0+〉 = δT,T ′(Rp + Rn)N−1coll.
Here, for a given kind of nucleons (p or n), the quantity R is
R = 〈[ ˆ(~σ~a), ˆ(~σ~a†)]〉 = 〈∑
i
(3 + 2(~σ~l)ii)cˆ
†
i cˆi〉 = 3N
where ~l is the single-particle orbital angular momentum. The expectation value here is
reduced to the summation over the occupied states i and gives three times the number of
particles of given kind, N . Note that for the spin saturated shell-model ground state of a
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doubly magic nucleus, the term proportional to (~σ~l)ii does not contribute. Therefore, the
phonon normalization constant (for N = Z = A/2) is
Ncoll = 3A. (16)
The matrix elements of the operators (~σ~r)p,n and (~σ~p)p,n between the correlated ground
state |0+) and the excited single-phonon states |0−, T = 0, 1) = Aˆ†T=0,1|0+) can be easily
obtained by expressing the operators in terms of the phonon creation and destruction op-
erators Aˆ†T=0,1 and AˆT=0,1 [see Eqs. (9),(14)]. The results for the matrix elements of the
isoscalar W P0 = (0
+|(~σ~p)1ˆ|0−, T = 0),W PT0 = (0+|(~σ~r)1ˆ|0−, T = 0) and isovector parity
violating operators W P1 = (0
+|(~σ~p)1ˆ|0−, T = 1), W PT1 = (0+|(~σ~r)1ˆ|0−, T = 1) are found to
be:
W PT0 =
((1 + Cmρ
p2
F
g1)R
2mET=0
)1/2
, W P0 = −i
(
mET=0R
2(1 + Cmρ
p2
F
g1)
)1/2
,
W PT1 =
((1 + Cmρ
p2
F
g′1)R
2mET=1
)1/2
, W P1 = −i
(
mET=1R
2(1 + Cmρ
p2
F
g′1)
)1/2
. (17)
To reveal the collective enhancement factors, we compare these results to the matrix
elements of the corresponding operators between shell-model states. For the (~σ~p) and a
given 1particle-1hole state, cˆ†mcˆi|0+〉, we have the following relations
〈0+|(̂~σ~p) cˆ†mcˆi|0+〉 = −i
(
mω
2
)1/2
(~σ~a)mi ∼
(
mω
2
)1/2√
NF ∼
(
mω
2
)1/2
(3A)1/6 (18)
where the last expressions indicate the order of magnitude. NF denotes the principal oscil-
lator quantum number at the Fermi energy of a doubly magic nucleus. We used in (18) the
fact that NF ∼ (3A)1/3. Similarly:
〈0+|(̂~σ~r) cˆ†mcˆi|0+〉 =
(
1
2mω
)1/2
(~σ~a)mi ∼
(
1
2mω
)1/2√
NF ∼
(
1
2mω
)1/2
(3A)1/6 (19)
Comparing the matrix elements (17) to the single-particle ones (18), (19) and taking into
account Eq.((13), we see that the matrix elements of the P-odd potentials connecting the
correlated ground state to the single-phonon states are enhanced by the factors
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F Pcoll ≈
|(0+|(~σ~p)|0−, T = 0)|
|(̂~σ~p)mi|
∼
√
ω
E0
(1 +
Cρ
|U |g) (3A)
1/3. (20)
and
F PTcoll ≈
|(0+|(~σ~r)|0−, T = 0)|
|(̂~σ~r)mi|
∼
√
ω
E0
(1 +
Cmρ
p2F
g1) (3A)
1/3. (21)
Analogous expressions can be written for the T = 1 matrix elements by substituting g′(g′1)
instead of g(g1) in (20,21).
The total collective enhancement factor Fcoll has a natural form typical for the low-energy
collective modes. On the right hand side of Eqs.(20),(21), the second factor is the collective
“phase volume” enhancement, Fpv, which is roughly equal to the square root of the number
of single-particle constituents of the phonon, i.e., approximately the number of nucleons in
the upper major shell, AF ),
Fpv ∼
√
AF ∼ NF ∼ (3A)1/3.
The first factor in Eqs.(20),(21) is the “adiabaticity parameter” [14]. It reflects the
change of the frequency of the collective motion compared to the frequency of single-particle
motion ω
Fad ∼
√
ω
E0
(1 +
Cρ
|U |g) (P − odd), Fad ∼
√
ω
E0
(1 +
Cmρ
p2F
g1) (P−, T − odd).
Note that for the low-lying 0−-mode (T = 0), Fad > 1 gives additional enhancement.
We turn now to a quantitative discussion of the above results. Using the conventional
constants of the Landau-Migdal interaction (3),(4) g = 0.575, g′ = 0.725, g1 = −0.5 and
g′1 = −0.26 (see e.g. Refs. [10], [15], [16], [12]), we find from Eq.(13):
ET=0 = 1.03ω, ET=1 = 1.20ω. (22)
The dependence of ET on the total strength of the interaction constant is shown on Fig.1.
It is seen that due to the negative value of g1, g
′
1, the effect of the velocity dependent
interaction is to reduce the frequency of the isoscalar mode pushing it towards instability
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[5]. However, the velocity independent component acts in the opposite direction. The
excitation energy of the isovector mode that is governed by the primed constants tends
to increase with the interaction strength. (These tendencies are in agreement with those
found in numerical studies [3] and with results for the meson exchange interactions [4]). The
combined and opposite action of V0 and V1 on ET tends to moderate energy shift from ω,
so the values (22) do not mean that the correlations in the ground state are small. The
collective enhancement of the matrix elements (17) are F P ∼ 10 − 15 for the above values
of g.
We should stress that it is not the prime purpose of this work to achieve agreement with
experiment. The mean field that provides the basis of the single-particle energies is not
treated in this work. Therefore effects of consistency between the p− h interaction and the
mean field [15] are not taken into account. Also, we do not include the one-body spin-orbit
interaction which for 0− mode could be important especially in lighter nuclei [6].
As we mentioned, the velocity dependent Landau-Migdal interaction can be viewed as
a model of a more realistic momentum-dependent π- and ρ-meson exchange interactions.
Using Vpi+ρ of Eq.(5) as a residual interaction within the above formalism we find
ET=0 = ω
[(
1− 3k
2
)(
1 +
Cρ
|U |g − 3ξ
)]1/2
,
ET=1 = ω
[(
1 +
k
2
)(
1 +
Cρ
|U |g
′ − 2φ+ ξ
)]1/2
, (23)
Here, the constants k and φ and ξ are related to the meson-nucleon coupling strenghts:
k = 2ρ0mq results from the evaluation of the exchange terms [4] with q = 6π(
f2pi
m4pi
Wpi −
4
3
f2ρ
m4ρ
Wρ) and the nonlocality factors W (Wpi,ρ → 1 for mpi,ρ → ∞) are Wpi = 0.11, Wρ =
0.69 for the pion and ρ-meson correspondingly [4]. φ results from the direct terms, φ =
v
mω2
, v = −4pi
3
ρ0
|U0|mω
2( f
2
pi
m2pi
+ 2
f2ρ
m2ρ
), while the term ξ is due to the exchange terms and
ξ = 2pi
3
ρ0
|U0|(−
f2pi
m2pi
W ′pi + 2
f2ρ
m2ρ
W ′ρ) where W ′pi = 0.56 and W ′ρ = 0.71. The pion constant is
equal f 2pi = 0.08, while for the ρ-meson the coupling constant is in range from f
2
ρ = 1.86
(“weak ρ-meson”) to f 2ρ = 4.86 (“strong ρ-meson”) [13], [17].
The phonon operators Aˆ†T , AˆT are given now by the same expressions as before [Eq.(14)]
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but with the replacements 1+ Cρm
p2
F
g1 → 1− 3k/2 and 1+ Cρmp2
F
g′1 → 1+ k/2 and with ET=0,1
given by (23). Correspondingly, the matrix elements of the symmetry violating operators
W PT0 =
(
(1− 3k/2)R
2mET=0
)1/2
, W P0 = −i
(
mET=0R
2(1− 3k/2)
)1/2
,
W PT1 =
(
(1 + k/2)R
2mET=1
)1/2
, W P1 = −i
(
mET=1R
2(1 + k/2)
)1/2
. (24)
The results for the frequencies are plotted in Fig.1. It is seen that the effect of the
meson exchange interaction is to push down the isoscalar frequency ET=0, mainly due to the
π-meson contribution. At the same time it shift upwards the isovector frequency. Similar
behaviour of the ET=1 was obtained in a more realistic RPA calculations in Ref. [3]. Fig.2a
shows ET as a function of f
2
ρ . Instability of the 0
−, T = 0 occurs for the “weak ρ-meson”,
as was discussed in [4] using general properties of the linear response [18]. It is interesting
that the collapse occurs also for the “strong” ρ-meson, while the stable energy range E0 ≃
(0.2− 0.4)ω occurs for 1.86 < f 2ρ < 4.86. Fig. 2b presents the enhancement factors F P and
F PT of the weak matrix elements modified according to (24). The collective enhancement
for the P-odd matrix elements rises from 10− 20 to considerably larger values as E2T=0 → 0.
The enhancement of the P-odd matrix elements connecting the ground state to the single-
phonon states found here can result in observable P-effects [e.g., in the electromagnetic
transitions (multipole mixing) [20]]. For the P-odd (T = 0) matrix element, where the
enhancement is maximum, the quantity W Pcoll can reach, for example for
206Pb, a value of
W Pcoll = (0
+|gWp
G
2m
√
2
{(~σp~pp), ρ}+ gWn
G
2m
√
2
{(~σn~pn), ρ}|0−, T = 0) ≃ 20− 30eV,
for the realistic weak interaction strengths gp ≃ 4 and gn ≃ 1 (see, e.g., [19]) consistent
with the standard parameters of the two-body weak interaction [21], [20] (G is the Fermi
constant).
The collective of 0− states has been already considered in the doorway mechanism ap-
proach [1], [2] in the problem of P-odd mixing in compound nuclei. The enhancement in the
parity violating matrix element due to the collectivity of the 0− was one of the assumptions
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in the above works. The results of the present work confirm their idea and the collectivity
of the P-odd matrix element is a natural result of the RPA treatment of the 0− states.
One of us (N. A.) is grateful to B. Mottelson and L. Zamick for discussions. O.V. is
grateful to V. G. Zelevinsky for discussions of various problems of collective states. The au-
thors acknowledge the participation at the ECT Trento workshop. The work was supported
by the US-Israel Binational Science Foundation and the Israeli Science Foundation.
12
REFERENCES
[1] N.Auerbach, Phys.Rev. C45, R514 (1992).
[2] N.Auerbach and J.D.Bowman, Phys.Rev. C46, 2582 (1992).
[3] N.Auerbach and A. Klein, Phys. Rev. C30, 1032 (1984).
[4] V.V.Flambaum and O.K.Vorov, Phys. Rev. C49, 1827 (1994).
[5] V.V.Flambaum and O.K.Vorov, Phys. Rev. C51, 1521 (1995).
[6] I.S.Towner, B.Castel and L.Zamick, Nucl. Phys. A365, 189 (1981).
[7] G.E.Brown and M.Bolsterli, Phys.Rev.Lett. 3, 472 (1959).
[8] A.Abbas and L.Zamick, Phys.Rev. C22, 1755 (1980).
[9] J.D.Bowman and M.B.Johnson, Phys.Rev. C51, 999 (1995).
[10] A.B.Migdal, Theory of Finite Fermi Systems and Applications to atomic Nuclei (John
Wiley & Sons, New York, 1967).
[11] A.Bohr and B.Mottelson, Nuclear Structure (Benjamin, New York, 1969), Vol. 1.
[12] V.A.Khodel and E.E.Sapershtein, Phys.Rep. 92, 183 (1982).
[13] J.Speth, V.Klemt, J.Wambach and G.E.Brown, Nucl.Phys. A343, 382 (1980),
[14] V.G.Zelevinsky, Nucl. Phys. A343, (1980).
[15] G.E.Brown, Rev.Mod.Phys., 43,1 (1971); V.Klemt, S.A.Moszkowski, and J.Speth,
Phys.Rev. C14, 302 (1976); J.Speth, E.Werner, and W.Wild, Phys.Rep. 33, No.3,
127(1977) and references therein; G.Bertsch, D.Cha, and H.Toki, Phys.Rev. C24, 533
(1981); V.A.Khodel and E.E.Sapershtein, Phys.Rep. 92, 183 (1982), and references
therein; J.W.Negele, Rev.Mod.Phys. 54, 913 (1982); R.De Haro, S.Krewald, and Speth,
Nucl.Phys., A388, 265 (1982); K. Goeke, and J.Speth, Annu. Rev. Nucl. Part. Sci. 32,
65 (1982); F.Osterfeld, Rev.Mod.Phys., 64, 491 (1992), and references therein.
13
[16] S.A.Fayans, E.E.Sapershtein and S.V.Tolokonnikov, Nucl.Phys. A326, 463 (1979);
D.V.Aleksandrov et al, Nucl.Phys. A436, 338 (1985); J.Bang et al, Nucl.Phys. A440,
445 (1985).
[17] G.E.Brown, S.-O.Backman, E.Oset and W.Weise, Nucl.Phys. A286, 191 (1976);
M.R.Anastasio and G.E.Brown, Nucl.Phys. A285, 516 (1977); J.Speth, E.Werner and
W.Wild, Phys.Rep. 33,127 (1976); S.Krewald, K.Nakayama and J.Speth, Phys.Rep.
161, 103 (1988), S.Krewald, F.Osterfeld, J.Speth, and G.E.Brown, Phys.Rev.Lett. 46,
103 (1981), S.Krewald and J.Speth, Phys.Rev.Lett. 45, 417 (1980), K.Nakayama and
W.G.Love, Phys.Rev. C38, 51 (1988).
[18] D.Pines and P.Nozieres, The Theory of Quantum Liquids (Benjamin, New York, 1966).
[19] V.V.Flambaum, V.B.Telitsin and O.P.Sushkov, Nucl.Phys. A444, 611 (1985).
[20] E.G.Adelberger and W.C.Haxton, Ann. Rev. Nucl. Part. Sci. 35, 501 (1985).
[21] B. Desplanques, J. Donoghue and B.Holstein, Ann. of Phys. (N.Y.) 124,449 (1980).
14
Figure captions
Fig. 1. The 0− energies ET=0 and ET=1 [Eq.(13), in units of ω] as a function of the
strength of the Landau-Migdal interaction C [taken in units of the standard value (Eq.3,4)]
(solid curves). The dashed curves show ET=0 and ET=1 as functions of the pion coupling
constant f 2pi (the scale is given in the upper line of the box) for the ρ-meson constant f
2
ρ
taken in the “weak meson” limit. The collapse of the RPA frequency ET=0 occurs when the
actual value of the pion constant f 2pi ≈ 0.08 is used.
Fig. 2. a) Energies of the 0− states ET=0 and ET=1 [Eq.(23)], in units of ω are plotted
as a function of the ρ-meson strength f 2ρ calculated for the standard value of the π-meson
constant. Collapse points in ET=0 occur at values of f
2
ρ approximately equal to the “strong”
and “weak” ρ-meson couplings.
b) The enhancement factors F P (crosses) and F PT (solid lines) [Eq.(20)] as function of
f 2ρ (for the standard value of f
2
pi).
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